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DESCRIPTION 



CHELERYTHRINE-BASED THERAPIES FOR CANCER 



BACKGROUND OF THE INVENTION 



The government may own rights in the present invention pursuant to grant numbers 
GM07183; 5-R01-CA41068; 5-R01-CA42596; POl-CA-19266 and HD-07009 from the 
1 0 National Institutes of Health. 

1 . Field of the Invention 

The present invention relates generally to the fields of cancer treatment and 
chemotherapy. More particularly, it concems use of the protein kin£ise C (PKC) inhibitor 
15 chelerythrine to treat cancer in combination with DNA damaging chemicals to produce 
unexpectedly effective killing of tumor cells and tumor endothelial cells. 

2. Description of Related Art 

Certain caacer treatment methods, including chemotherapeutic therapy, involve 
20 damaging the DNA of the cancer cell. The cellular response to normal DNA damage includes 
activation of DNA repair, cell cycle arrest and lethality (Hall, 1988). For example, the 
induction of DNA double-strand breaks results in lethal cliromosomal aberrations that include 
deletions, dicentrics, rings, and anaphase bridges (Hall, 1994). 

25 The morphological characteristics of cells djdng a mitotic death include, as in necrotic 

death, multi-nucleated giant cells, cell-cell fusions (Hall, 1994), as well as the loss of 
membrane integrity (Quintans et aL, 1994; Maity et ah, 1994; Harmon and Allan, 1988; 
Radford and Murphy, 1994). In contrast to necrotic death, morphological characteristics of 
apoptosis (Quintans et al, 1994; Maity et al, 1994; Harmon and Allan, 1988; Radford and 

30 Murphy, 1994) include activation of a genetic program that may be initiated by cytoplasmic 
or nuclear events which results in cytoplasmic blebbing, chromatin condensation, and DNA 
fragmentation (Jacobson et al, 1994; Raff al, 1994). 
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Studies in tumor systems suggest that increasing the fraction of tumor cells 
undergoing apoptosis enhances tumor regression and timior cures (Meyn et al, 1993; 1994; 
1995; Martin and Green, 1994; Indap and Rao, 1995; Dewey et al, 1995; Lowe et aL, 1993b; 
Stephens et a/., 1991; 1993; Chmura et aL, 1997). Agents which damage DNA, interfere with 
5 DNA repair, or alter cell-cycle checkpoints have been employed in human studies to modify 
tumor response with limited clinical success (Hall, 1988; Yokes aad Weichselbaum, 1990; 
Rosenthal et al, 1995). Chelerytlirine chloride (Herbert et al, 1990) and calphostin C 
(Kobayashi et al., 1989b), inhibitors of protein kinase C (PKC) isoforms, also induce 
apoptosis and ceramide production through the activation of a neutral sphingomyelinase 
10 (Chmura et al, 1996a; Chmura et al, 1996b). The protein kinase C family of 
serine/threonine kinases is comprised of at least 13 related isoforms (Magnuson et aL, 1994) 
with differing sensitivity to calciimi and lipid activators. 

Little information is available concerning the relationship between PKC inhibitors and 
the induction of programmed cell death in human tumor cells, and the results described in 

15 existing reports are inconsistent. For example, the potent, but nonspecific, PKC inhibitor 
staurosporine has been reported both to antagonize (Cotter et aZ., 1992) and to initiate 
apoptosis in HL-60 cells (Bertrand et al., 1993); similarly conflicting reports of the action of 
the inhibitor H7 have also appeared (Ojeda et al., 1990; Forbes et aL, 1992). Detailed 
comparisons of the concentration-response relationships of different PKC inhibitors in the 

20 modulation of apoptosis are generally lacking. Jarvis et al. (1994) demonstrate that, while the 
effects of these agents are variable and highly dependent upon concentration, transient 
exposure of HL-60 cells to a subset of PKC inhibitors, in particular chelerythrine, 
unambiguously induces apoptotic DNA fragmentation and cell death in HL-60 cells, and that 
acute {i.e.^ 6 h) exposure to chelerythrine is sufficient to induce apoptosis in the human 

25 myeloid leukemia cell line HL-60. In addition, in vitro treatment of certain cells with 
inhibitors of PKC and other serine-threonine kinases increases IR mediated killing through 
undefined mechanisms (Hallahan et aL, 1992). 

Recent investigations indicate that signaling events following cellular exposure to tumor 

30 necrosis factor alpha (TNFa), Fas ligand, IgM cross-linking, irradiation and other DNA 

damaging agents may trigger apoptosis via the hydrolysis of membrane sphingomyelin 

generating ceramide (Quintans et al, 1994; Nagata and Golstein, 1995; Dressier et al, 1992). 

2 
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Activation of PKC by phorbol esters or growth factors opposes ceramide-induced apoptosis and 
indirect evidence suggests that PKC activation may limit ceramide production (Fuks et aL, 
1994; Haimovitz-Friedman et al, 1994a; Haimovitz-Friedman et al, 1994b). In tumor 
endothelial cells, one potential action of ceramide and its metabolite sphingosine is to prevent 
5 activation of specific PKC iso forms (Chmura et aL, 1996b; Jones and Murray, 1995; Kolesnick, 
1989; Ohta et aL, 1994). Taken together, these studies suggest that PKC activation may oppose 
the actions of ceramide production in the apoptotic pathway in tumor cells and tumor 
endotheUal cells. 

10 Though it is clear that PKC pathways play a key role in the control of apoptosis by 

tumor cells, how this is accomplished remains obscure. Thus, there remains a present need to 
develop new and improved treatments which take advantage of these pathways. 

SUMMARY OF THE INVENTION 

15 

The invention provides a method for inhibiting growth of a tumor cell comprising 
contacting the tumor cell and/or the tumor endothelial cell with chelerythiine and contacting 
the tumor cell with DNA damaging agent, wherein the dose of the chelerythiine, when 
combined with the dose of the DNA damaging agent, is effective to inhibit growth of the 
20 tumor cell. 

The invention further provides a method for inhibiting the growth of a cell comprising 
contacting the cell with chelerj^hrine and a chemotherapeutic DNA damaging agent, wherein 
the dose of chelerythiine, when combined with the dose of the DNA damaging agent, is 
25 effective to inhibit growth of the cell. In one embodiment of the method, chelerythrine is 
contacted with the cell prior to contacting the cell with the DNA damaging agent. In another 
embodiment of the method, the DNA damaging agent is contacted with the cell prior to 
contacting the cell with chelerythrine. 

30 In a further embodiment of the method, the cell is a cancer cell. In a further aspect of 

the invention, the cancer cell is a bladder cancer cell, a blood cancer, a breast cancer cell, a 

Ixmg cancer cell, a colon cancer cell, a prostate cancer cell, a liver cancer cell, a pancreatic 

cancer cell, a stomach cancer cell, a testicular cancer cell, a brain cancer cell, an ovarian 

3 
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cancer cell, a lymphatic cancer cell, a skin cancer cell, a brain cancer cell, a bone caacer cell, 
or tumor of soft tissue. In yet another aspect of the invention, the cell is located in a human 
subject. 

5 In one embodiment of the invention, chelerythrine is administered by direct 

intratumoral injection. In another embodiment of the invention, chelerythrine is administered 
by injection into tumor vasculature. In a further embodiment of the invention;, the DNA 
damaging agent is from a group consisting of doxorubicin, daunombicin, dactinomycin, 
mitoxantrone, cisplatin, procarbazine, mitomycin, carboplatin, bleomycin, etoposide, 
10 teniposide, mechlroethamine, cyclophosphamide, ifosfamide, melphalan, chlorambucil, 
ifosfamide, melphalan, hexatnethylmelamine, thiopeta, busulfan, carmustine, lomustine, 
semustine, streptozocin, dacarbazine, adriamycin, 5-fluorouracil (SFU), camptothecin, 
actinomycin-D, hydrogen peroxide , nitrosurea, plicomycin, tamoxifen, taxol, transplatinum, 
vincristin, vinblastin and methotrexate. 

15 

In one aspect of the invention, the cell is contacted with chelerythrine a second time. 
In another aspect of the invention, the cell is contacted with the DNA damaging agent a 
second time. In one embodiment of the invention, chelerythrine and the DNA damaging 
agent are contacted with the cell within about 4 days. In another embodiment of the 

20 invention, chelerythrine and the DNA damaging agent are contacted with the cell within 
about 3 days. In yet another embodiment of the invention, chelerythrine and the DNA 
damaging agent are contacted with the cell within about 2 days. In still another embodiment 
of the invention, cheler5^thrine and the DNA damaging agent are contacted with the cell 
within about 1 day. In still yet another embodiment of the invention, chelerythrine and the 

25 DNA damaging agent are contacted with the cell within about 12 hours. In still another 
embodiment of the invention, chelerythrine and the DNA damaging agent are contacted with 
the cell within about 6 hours. In yet another embodiment of the invention, chelerythrine and 
the DNA damaging agent are contacted with the cell within about 5 hours. In still other 
embodiment of the invention, chelerythrine and the DNA damaging agent are contacted with 

30 the cell within about 4 hours. In yet other embodiments of the invention, chelerythrine and 
the DNA damaging agent are contacted with the cell within about 3 hours. In still another 
embodiment of the invention, chelerythrine and the DNA damaging agent are contacted with 
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the cell within about 2 hours. In another embodiment of the invention, chelerj^thrine and the 
DNA damaging agent are contacted with the cell within about 1 hour. In a further 
embodiment of the invention, chelerythrine and the DNA damaging agent are contacted with 
the cell at the same time. Thus, in various embodiments of the invention, cheler5^hrine and 
5 the DNA damaging agent are contacted with the cell within about 4 days, 3 days, 2 days, 1 
day, 12 hours, 6 hours, 5.5 hours, 5 hours, 4.5 hours, 4 hours, 3.5 hours, 3 hours, 2.5 hours, 2 
hours, 1.5 hours, 1 hour, 0.5 hour or at the same time. 

In one aspect of the invention, the chelerythrine and the DNA damaging agent are 
10 contacted with the cell following tumor resection. In one embodiment of the invention, the 
tumor resection occurs prior to the contacting. In one aspect of the invention, the contacting 
comprises treating the resected tumor bed with chelerythrine and the DNA damaging agent. 
In another embodiment of the invention the tumor resection occurs after the contacting. In a 
further embodiment of the invention, the contacting occurs both before and after the tumor 
15 resection. 

In one embodiment of tibie invention, the dose of chelerythrine is about 0.5 mg/kg to 
about 10 mg/kg. In another embodiment of the invention, the dose of cheler5^thrine is about 1 
mg/kg to about 4 mg/kg. However, one of skill in the art will recognize that the dose of 

20 chelerythrine administered will depend on the animal or human being treated and will be 
decided by factors such as, but not limited to, the age and weight of animal or patient and may 
vary by a log or more of the values described above. The skilled artisan is directed to 
"Remington^s Pharmaceutical Sciences" 15th Edition, chapter 33, in particular pages 624-652. 
The skilled artisan will further recognize that some variation in dosage will necessarily occur 

25 depending on the condition of the subject being treated. The person responsible for 
administration will, in any event, determine the appropriate dose for the individual subject. 
Moreover, for human administration, preparations should meet steriUty, pyrogenicity, general 
safety and purity standards as required by FDA Office of Biologies standards. 

30 The invention ftirther provides a method of killing a cell comprising contacting the 

tumor cell witii chelerythrine and a chemotherapeutic DNA damaging agent, wherein the dose 
of the cheler5^thrine, when combined with the dose of the DNA damaging agent, is effective 
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to kill the tumor celL In one embodiment of the invention, a method of treating cancer in a 
human patient comprising administering chelerythrine and a chemotherapeutic DNA 
damaging agent to the human patient, wherein the dose of the chelerythrine, when combined 
with the dose of the DNA damaging agent, is effective to treat the cancer. In a further 
5 embodiment of the invention, a method of potentiating the effect of a chemotherapeutic DNA 
damaging agent on a tumor cell and/or a tumor endothehal cell comprising contacting the 
tumor cell and/or a tumor endothelial cell with chelerj^hrine and then contacting the tumor 
cell and/or a tumor endothelial cell with the DNA damaging agent. 

10 As defined herein, treatment of a cancer, tumor, tumor cell, tximor endothelial cell, 

cancer cell, tissue derived from a tumor or cancerous tissue refers to any improvement over 
the untreated state which includes, but is not limited to, stabilization, remission, regression, 
shrinkage or decreased volume of the cancer, tumor, tissue or cell. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specification and are included to 
further demonstrate certain aspects of the present invention. The invention may be better 
xmderstood by reference to one or more of these drawings in combination with the detailed 
20 description of specific embodiments presented herein. 

FIG. 1. Chemical structure of chelerythrine 

FIGs. 2A-2B. Chelerythrine chloride decreases tumor cell viability. 

25 FIG. 2A depicts that MCF7 (closed circle), MCF7ADR (open circle), HT29 (open 

square), DAOY (closed triangle) and LnCaP (open triangle) cells were exposed to fresh 
medium containing increasing concentrations of cheler3^hrine chloride for 4 h. After 6 days 
(MCF7, MCF7 ADR, HT29), 7 days (DAOY) or 13 days (LnCAP), MTT analysis was 
performed to determine cell density. Inhibition of cell growth relative to control (zero drug 

30 addition) was calculated for each concentration. Each point represents the mean of three 
determinations. FIG. 2B depicts that SQ20B (closed circle), JSQ3 (open circle), SCC35 
(closed square) and SCC61 (open square) cells were exposed to fresh medium containing 
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increasing concentrations of cheler>1;hrine chloride for 4 h. After 6 days (SQ20B), 12 days 
(JSQ3, SCC35) o 13 days (SCC61), MTT analysis was performed to determine cell density. 
Inhibition of cell growth relative to control (zero drug addition) was calculated for each 
concentration. Each point represents the mean of three determinations. 



FIGs. 3A-3B. Chelerythxine induces apoptosis in SQ-20B cells in vitro. 

FIG. 3A shows that cells treated with S^xM cheler3^hrine appear apoptotic with 
condensed nuclei and chromatin condensation 12 h after addition of dmg to exponentially 
growing SQ-20B cells. DAPI was used to visualize nuclei (red) and overlaid to the phase 
10 contrast image. Left, untreated control cells, right SjiM cheler3^hrine treated cells. 

FIG. 3B shows that analysis of low molecular weight DNA by agarose electrophoresis 
(3%) isolated from 5x10^ SQ-20B cells demonstrating characteristic laddering 12 h following 
exposure to 5ilxM chelerythrine. (-) control; (CH) chelerythrine 

15 FIG. 4. Chelerythrine induces growth delay. 

Athymic (nude) mice were injected SC m the right hind limb with 5x10^ SQ20B cells. 
Tumors were allowed to grow for 8 days at which time treatment was started. Control mice 
were weighed and injected IP with PBS on days 8, 10, and 12. Treatment group 2 (n==10 were 
injected once IP on days 8, 10, and 12 with 2.5 mg/kg chelerythrine chloride, treatment group 

20 3 (n=8) were injected once IP on days 8, 10, and 12 with 5 mg/kg chelerytlirine chloride, aud 
treatment group 4 (n=8) were injected once IP on days 8, 11 and 14 with 5 mg/kg 
chelerythrine chloride. Tumor volume was determined on days 8, 10, 13, 15, 17, 21. Each 
data point represents the mean of 1-3 individual studies +/-SEM. The Mann- Whitney Rank 
Sum Test (p<0.05) denoted in the graphs by 



Mice were weighed on days 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 21. Symbols 
represent the mean weight of animals in the representative treatment groups. 



FIG. 5. 



Effect of treatment with chelerythrine on body weight. 



30 



FIG. 6. 



Chelerythrine chloride enhances IR induced cell killing in endothelial 



cells in vitro. 
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This FIG. demonstrates that the proliferation endothelial cells, comprising the tumor 
vasculature bed, are more sensitive to chelerythrine, both in terms of apoptosis and in terms of 
clonogenic killing. Thus, part of the in vivo mechanism of killing is a result of targeting the 
tumor vasculature. 

5 

FIG. 7. Endothelial cells are more sensitive to clonogenic killing by 

chelerythrine compared to tumor cells such as SQ-20B. 

FIG. 8. Endothelial cells are more sensitive to chelerythrine induced apoptosis 

10 as compared to tumor cells such as SQ-20B. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

The present invention demonstrates that chelerythrine chloride inhibits tumor cell 
15 growth and or induces cell death in certain tumor cells in combination with a 
chemotherapeutic compound. In addition, the induction of apoptosis by a combination of 
chelerythrine and a chemical DNA damaging agent permits effective treatment occurs at 
doses much lower than use of either agent alone. 

The combination treatment of tumor cells and/or a tumor endothelial cells with DNA 
20 damaging agents and chelerythrine increases apoptosis. Chelerythrine chloride enhances 
chemotherapy-induced apoptosis by targeting common components of the cell death pathway 
required for apoptosis and overcome resistance to chemotherapy-induced apoptosis in vitro 
and in vivo. 

The present invention demonstrates an increase in tumor cell destruction compared to 
25 surrounding normal tissue and indicates that chelerythrine when combined with DNA 
damaging chemotherapy, is a clinically useful tool for enihancing the lethal effects of ionizing 
radiation in resistant tumor cell populations. 

A. Chelerythrine as an Inhibitor of Tumor Growth 

30 Protein kinase C (PKC) isoenzymes are involved in the regulation of cell proliferation, 

differentiation, and survival. Pharmacological inhibition of PKC activity triggers apoptosis in 

8 
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most mammalian cells. While PKC iiihibitors have potential as anti-tumor agents, issues of 
kinase specificity and solubility have remained obstacles to their clinical use. In this 
invention, the inventors investigated the anti-tumor activity of the PKC inhibitor chelerythrine 
chloride (chelerythrine), a selective inhibitor of group A and B PKC isoforms. Chelerj^thrine 
5 exhibited cytotoxic activity against 9 human tumor cell lines tested in vitro. Based on the 
finding that radioresistant and chemoresistant squamous cell carcinoma lines (HNSCC) are 
sensitive to chelerythrine in vitro, the inventors assessed the effects of this agent on p53 
dejBcient SQ-20B HNSCC cells in vivo. The results demonstrate that chelerj^thrine treatment 
of nude mice bearing SQ-20B is associated with significant tumor growth delay and 
10 regression. Significantly, treatment with cheler3^thrine resulted in minimal toxicity. These 
findings demonstrate that chelerythrine has anti-tumor activity. 

B. Protein Kinase C and Chelerythrine 

Protein kinase C (PKC) isozymes comprise a family of at least 1 1 serine/threonine 
15 protein kinases. All PKC family members contain an amino-terminal regulatory domain that 
includes pbosphatidylserine (PS) and phorbol ester binding sites (Bell and Bums, 1991). The 
carboxyl-terminal catalytic domain binds both ATP and substrate, and contains 
autophosphorylation sites. The carboxyl-terminal domain represents a main target for 
phamiacological inhibition of PKC isoforms. 

20 

Non-specific inhibitors of serine-threonine kinases, such as the fungal alkaloid 
staurosporine, have been used to study the role of PKC inhibition in the induction of 
apoptosis. The results demonstrate that kinase inhibition triggers apoptosis of nucleated 
mammalian cells throughout different phases of the cell cycle (Raff et aL, 1994; Jacobson 

25 etaL^ 1994; Weil etal.^ 1996; Jacobsen et aL, 1996). Apoptosis also is induced following 
cellular exposure to other PKC inhibitors, such as naphthalene sulfonamides (H7 and H8) 
(Jarvis etaL, 1994; McConkey etaL, 1989) and the ceramide metabolite sphingosine 
(Schwartz etaL, 1995; Gottschalk and Quintans, 1995; Ohta etal, 1994; Hannun and 
Lindardic, 1993; Jarvis et ah, 1996). Significantly, numerous reports have demonstrated little 

30 if any selectivity of these inhibitors for PKC as compared to other intracellular kinases 
(Birchall et al, 1994, Bradshaw et al, 1993). Therefore, the role of PKC inhibition as a major 
effector of apoptosis has remained unclear. 
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In the induction of apoptosis, several intracellular events are altered prior to the 
activation of caspases. These events include release of free Ca^"^ from intracellular stores, 
downregulation of Bcl-2, (Knox et al, 1993; Shirahama et al, 1997; May etal, 1994), and 
5 p34*'^*'^ activation outside of the G2/M cell cycle phase (Donaldson etaL, 1994; Shi etal.^ 
1994; Schroter etal.^ 1996; Osmani etah^ 1991). PKC activity is important in suppressing 
sphingomyelin hydrolysis and the subsequent induction of apoptosis by ceramide 
(Haimovitz-Friedman et al, 1994, Gottschalk et al.^ 1995). In this context, inhibition of PKC 
with chelerj^hrine chloride induces apoptosis by activation of a neutral sphingomyelinase, 
10 accumulation of ceramide and depletion of sphingomyelin (Jarvis et aL, 1996; Chmura et aL, 
1996a; Chmura et al, 1996b; Grant et al, 1994). These findings suggest that PKC inhibition 
also may trigger apoptosis through the activation of the ceramide-signaling cascade. 

Derivatives of staurosporine have been isolated in an attempt to obtain more specific 
15 inhibition of PKC. One of the most specific PKC inhibitors, developed is chelerythrine 
chloride (Herbert et ah, 1990), a benzophenanthridine alkaloid. In contrast to staurosporine, 
chelerythrine is at least 100-fold more selective for PKCs than for other kinases (/.^., PKA, 
PKG). Chelerythrine competes for the conserved catalytic sites of PKC and append to be a 
potent and specific inhibitor of the group A and group B kinases (29-32). Unlike H7 and 
20 staurosporine, chelerytlirine does not inhibit other kinases or activate phospholipase D (PLD) 
at concentrations that induce apoptosis. The specificity of chelerythrine for PKC has 
prompted the use of this agent to study PKC fimction in cells (Gupta et al.y 1995). 

The inventors report herein that chelerythrine chloride (chelerythrine) is cj^otoxic to 9 
25 human tumor cell lines and tumor endothelial cells. Chelerythrine was chosen for its kinase 
specificity, ease of delivery in vivo, ability to trigger ceramide accumulation, and inhibition of 
PKC in an ATP-independent manner (Herbert etal, 1990; Rotenberg etal^ 1995; Nixon 
et al, 1992). The inventors selected a p53-deficient chemo/radiation resistant tumor cell heel 
SQ-20B, to test whether chelerythrine induces growth delay or tumor regression in vivo. The 
30 inventors identify apoptosis as the main mechanism of chelerythrine-induced cell killing 
in vitro. Treatment of nude mice bearing SQ-20B xenograft tumors with IP chelerythrine 
produced growth delay and tumor regression. Importantly, chelerythrine exhibited little if 

10 
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any systemic toxicity. The pre-clinical findings suggest that chelerythrine could be effective 
in the treatment of human tumors that are otherwise resistant to standard regimens. 

C. Combination of Low Doses of Chelerythrine and DNA Damaging Agents 

5 Tumor cell resistance to DNA damaging agents represents a major problem in clinical 

oncology. One goal of current cancer research is to find ways to improve the efficacy of 
chemotherapy. In the context of the present invention, it is contemplated that combination of 
therapy with chelerythrine or cheler)^hrine chloride, with DNA damaging chemotherapy can 
be employed advantageously in a therapeutic intervention. One result of the present invention 

10 is that the combination of chelerythrine and DNA damaging agents allows for the use of 
lower doses of each composition in order to achieve a higher level of tumor growth reduction 
than would be predicted based upon current conventional chemotherapies. For example, in 
combination therapy of chelerythrine with adriamycin, 2|llM chelerythrine and lOng/ml of 
• adriamycin has only 0.668 survival as compared to 0.99 survival with 2illM chelerythrine 

15 alone or 0.822 with lOng/ml of adriamycin alone (see Table 1). Thus, toxic and other adverse 
effects which chemotherapy causes to healthy cells that must be exposed to the these drugs 
during treatment can be reduced by using the present invention. 

Herein, it is understood that treatment with chelerythrine is preferentially with 
20 chelerythrine chloride. To inhibit or even kill cells, such as malignant or metastatic cells, 
using the methods and compositions of the present invention, one would generally contact a 
"target" cell with chelerj^hrine and a DNA damaging agent. These compositions would be 
provided in a combined amount effective to inhibit prohferation, or restore apoptotic function 
or even kill the cell. This process may involve contacting the cells with chelerythrine and the 
25 DNA damaging agent simultaneously, or with chelerythrine followed by the DNA damaging 
agent, or with the DNA damaging agent followed by chelerythrine. The cells may be 
contacted with a single composition or pharmacological formulation of chelerj^hrine and the 
DNA damaging agent, or with two distinct compositions or formulations, one comprising 
chelerythrine and the other comprising the DNA damaging agent. 

30 

It is envisioned that the regional delivery of chelerythrine and DNA damaging agents 
to patients with cancers will be a very efficient method for delivering a therapeutically 

11 
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effective amount of the compound to counteract the clinical disease. A local administration 
also is useful, and includes direct injection of tumor mass, circumferential injection, and 
injections or bathing of a resected tumor bed. Altematively, systemic delivery of either 
chelerythrine, DNA damaging agents, or both is appropriate in certain circumstances, for 
5 example, where extensive metastasis has occurred. 

D. Chelerythrine, a Benzophenanthridine Alkaloid 

The benzophenanthridine alkaloid chelerythrine 

(l,2-dimethoxy-12-methyl[l,3]beiizodioxolo[5,6-c]phenanthridimum; C2iH,8N04), also 

10 known as toddaline, is extractable either in pure form or as a mixture with other 
benzophenanthridine alkaloids from Chelidonium majus Z., Zanthoxylum simulans, 
Sanguinaria candensis (or bloodroot), Macleaya cordata, Caiydali sevctocozii, Cmydali 
ledebouni, Chelidonium majusjn and other members of Papaveracaceae. The major alkaloid 
in Zanthoxylum simulans, is chelerythrine with smaller quantities of dihydro- and 

15 oxy-chelerythrine, N-acetylanomine, skimmianine, fagarine, sitosterol and sesamine. Gray et 
al., (1980) describes the extraction and identification of chelerythrine and other constituents 
from Zanthoxylum simulans. 

Other benzo-c-phenanthridine alkaloids which may be present in the plants with 
20 chelerythrine include sanguinarine, sanguirubine, sanguilutine, homochelidonene, chelirubine 
and protopine among others. Pure cheler3^hrine is also available, although rarely, from some 
chemical supply houses. Semi-purified forms of benzo-c-phenanthridine alkaloids are 
commercially available, and these are generally referred to as sanguinarine nitrate and 
sanguinarine sulfate. These "salts" are the salts of the mixed alkaloids of the plant 
25 Sanguinaria and mainly comprise sanguinarine, chelerythrine, and protopine. 

While few references can be found in the literature regarding the usage of any of the 
pure benzo-c-phenanthridine alkaloids, plants containing such compounds have been used for 
medical purposes for quite some time for a wide variety of ailments. For example, U.S. 
30 Patent 209,331, discloses the use of bloodroot, zinc chloride, and kerosene oil in equal 
proportions for treating open sores. U.S. Patent 433,257 describes a salve of pulverized 
bloodroot, armenian bole, powdered rosin, lard, and Stockholm tar for use in the treatment of 
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piles, and U.S. Patent 2,344,830, discloses the use of a mixture of zinc chloride, stibnite, and 
bloodroot, to fix and outline diseased tissue for excision by surgery. Some of the patents 
describing the use of sanguinaria extracts as antimicrobial agents are U.S. Patent 4,145,412; 
U.S. Patent 4,406,881; and U.S. Patent 4,376,115. Chelerythrine has also been used for the 
5 treatment of peridontal disease, U. S. Patent 5,324,520, and in the treatment of thrombosis, U. 
S. Patent 5,137,912. Benzo-c-phenanthridine alkaloids have also been shown to have some 
antifungal and antiprotozoan properties, alleviate the mild anemia lingering after an acute 
illness and the mild anemia associated with rheumatoid arthritis. 

10 In China, people use the berries of Zanthoxylum simulans to flavor pork. The long 

and widespread use of this extract in China shows that the extract is safe for human 
consumption. The extract has an absence of any noticeable side effects and lack of irritation 
to the gastrointestinal tract. Moreover, the extract has been found to help alleviate the 
gastrointestinal irritations which may occur through the use of the anti-inflammatory agents 

15 when coadministered. 

Chelerythrine specifically inhibits protein kinase C (PKC) in a 
concentration-dependent manner and strongly inhibits platelet aggregation induced by strong 
aggregation inducers, such as arachidonic acid and collagen. Its chemical structure is shown 
20 in FIG. 1. 

Inhibitors of PKC can interact with the substrate binding site (ATP or protein) or with 
the regulatory domain where activation occurs (diacylglycerol or phorbol ester binding site). 
Chelerj^thrine interacts directing with the catalytic domain of PKC. It is one of the most 
25 potent inhibitors of PKC identified and does not inhibit any other protein kinases 
investigated. Cheler3^hrine shows potent c5^otoxic effects against L-1210 tumor cells with an 
IC50 value of .053 |liM by inhibiting cell growth and differentiation (Herbert et aL, 1990). 

Chelerythrine exhibits biphasic concentration-response relationships such that DNA 
30 fi-agmentation declines and eventually subsides as drug levels are increased beyond 
maximally effective concentrations (Jarvis et al, 1994). Reductions in DNA damage are not 
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associated with restoration of cellular viability, however, indicating that other lethal events 
proceeded imimpaired. 

Under the conditions described by Herbert et aL (1990) the IC50 value (concentration 
5 causing a 50% inhibition) for chelerythrine is 0.66 |liM in rats. Basal activity of the enzyme 
(the activity in the absence of Ca^"^, phosphatidylserine and dioleine) was not affected. In the 
present invention, the LD50 (dose causing a 50% mortality) was 20 mg/kg intraperitoneal (IP) 
in mice. 

10 An effective dose of chelerythrine is highly dependent upon the route of 

administration used and the size and species of animal being treated. In general, orally 
delivered doses can be higher than injected doses for any given individual. In the present 
invention, an effective dose is a dose that can induce apoptosis in a treated cell. Particularly 
desirable cells to treat include tutnor and cancer cells and especially radio-resistant tumor or 

15 cancer cells. An exemplary effective dose range is equivalent to about 0.5-10 mg/kg (IP) in a 
mouse and more preferably 1-4 mg/kg (IP) in a mouse. 

E. DNA Damaging Chemicals 

A variety of chemical compounds, also described as "chemotherapeutic agents", 
20 function to induce DNA damage, are used to treat tumors. Chemotherapeutic agents 
contemplated to be of use, include, doxorubicin, daxmorubicin, dactinomycin, mitoxantrone, 
cisplatin (CDDP), procarbazine, mitomycin, carboplatin, bleomycin, etoposide (VP- 16), 
teniposide, mechlroethamine, cyclophosphamide, ifosfamide, melphalan, chlorambucil, 
ifosfamide, melphalan, hexamethylmelamine, thiopeta, busulfan, carmustine, lomustine, 
25 semustine, streptozocin, dacarbazine, adriamycin, 5-fluorouracil (5FIJ), camptothecin, 
actinomycin-D, hydrogen peroxide , nitrosurea, plicomycin, tamoxifen, taxol, transplatinum, 
vincristin, vinblastin and methotrexate to mention a few. 

Agents that damage DNA include compounds that interfere with DNA replication, 
30 mitosis and chromosomal segregation. Such chemotherapeutic compounds include adriamycin, 
also known as doxorubicin, etoposide, verapamil, podophyllotoxin, and the like. Widely used in 
a clinical setting for the treatment of neoplasms, these compounds are administered through 
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bolus injections intravenously at doses ranging from 25-75 mg/m^ at 21 day intervals for 
adriamycin, to 35-50 mg/m^ for etoposide intravenously or double the intravenous dose orally. 

Agents that disrupt the synthesis and fideUty of nucleic acid precursors and subunits also 
5 lead to DNA damage. A number of such agents have been developed, particularly usefiil are 
agents that have undergone extensive testing and are readily available. 5-fluorouracil (S-FU), is 
one such agent that is preferentially used by neoplastic tissue, making it particularly useful for 
targeting neoplastic cells. Thus, although quite toxic, 5~FU, is applicable with a wide range of 
carriers, including topical and even intravenous administrations with doses ranging from 3 to 15 
10 mg/kg/day. 

Agents that directly cross-link nucleic acids, specifically DNA, are envisaged to 
facilitate DNA damage leading to a usefiil antineoplastic treatment. For example, cisplatin, and 
other DNA alkylating agents may be used. Cisplatin has been widely used to treat cancer, with 
15 efficacious doses used in clinical applications of 20 mg/m^ for 5 days every three weeks for a 
total of three courses. Cisplatin is not absorbed orally and must therefore be delivered via 
injection intravenously, subcutaneously, intratumorally or intraperitoneally, 

F- Adjunct Therapies 
20 (i) Radiotherapeutic agents 

Radiotherapeutic agents and factors include radiation and waves that induce DNA 
damage for example, y-irradiation. X-rays, UV-irradiation, microwaves, electronic emissions, 
radioisotopes, and the like. Therapy may be achieved by irradiating the localized tumor site 
with the above described forms of radiations. It is most likely that all of these factors effect a 
25 broad range of damage DNA, on the precursors of DNA, the repUcation and repair of DNA, and 
the assembly and maintenance of chromosomes. 

Dosage ranges for X-rays range from daily doses of 50 to 200 roentgens for prolonged 
periods of time (3 to 4 weeks), to single doses of 2000 to 6000 roentgens. Dosage ranges for 
30 radioisotopes vary widely, and depend on the half-life of the isotope, the strength and type of 
radiation emitted, and the uptake by the neoplastic cells. 
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(ii) Surgery 

Surgical treatment for removal of the cancerous growth is generally a standard procedure 
for the treatment of tumors and cancers. This attempts to remove the entire cancerous growth. 
However, surgery is generally combined with chemothrapy and/or radiotherapy to ensure the 
5 destmction of any remaining neoplastic or malignant cells. Thus, sm-gery may be used in 
combination with the present invention. 

G. Therapeutic Regimens 

Tumors that can be treated with the present invention include, but are not limited to, 
10 tumors of the brain (glioblastomas, meduUoblastoma, astrocytoma, oligodendroglioma, 
ependymomas), limg, liver, spleen, kidney, lymph node, small intestine, pancreas, blood cells, 
colon, stomach, breast, endometrium, prostate, testicle, ovary, skin, head and neck, 
esophagus, bone marrow, blood or other tissue. The tumor may be distinguished as 
metastatic and non-met astatic. Various embodiments include tumor cells of the skin, muscle, 
15 facia, brain, prostate, breast, endometrium, limg, head & neck, pancreas, small intestine, 
blood cells, liver, testes, ovaries, colon, skin, stomach, esophagus, spleen, lymph node, bone 
marrow or kidney. Other embodiments include fluid samples such as peripheral blood, lymph 
fluid, ascites, serous fluid, pleural effusion, sputum, cerebrospinal fluid, lacrimal fluid, stool 
or urine. 

20 

"Effective amount" is defined as an amoimt of the agent that will decrease, reduce, 
inhibit or other\^dse abrogate the growth of a cancer cell, induce apoptosis, inhibit metastasis, 
kill cells or induce cytotoxicity in cells. 

25 Combination treatments with chelerjthrine may precede or follow the DNA damaging 

chemotherapy by intervals ranging from seconds to weeks. In embodiments where 
chelerythrine and the DNA damaging agent are applied separately to the cell, one would 
generally ensure that a significant period of time did not expire between the time of each 
delivery, such that the combination of the two would still be able to exert an advantageously 

30 combined effect on the cell. In such instances, it is contemplated that one would contact the 
cell with both agents within about 0.1 to 24 hours of each other and, more preferably, within 
about 1 to 4 hours of each other, with a delay time of only about 1 hour to about 2 hours being 
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most preferred. In some situations, it is desirable to extend the time period for treatment 
significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 
7 or 8) lapse between the respective administrations. 

It also is conceivable that more than one administration of either chelerj^hrine or the 
DNA damaging agent will be desired. Various combinations may be employed, where 
chelerythrine is "A" and the DNA damaging agent is "B": 



ATB/B B/A/A A/AJB 

A/B/A B/A/B B/B/A 

B/B/B/A B/B/A/B B/A/B/A B/A/A/B 

A/A/B/B A/B/A/B A/B/B/A 



A/A/A/B B/A/A/A A/B/A/A B/B/A/A 

B/A/B/B A/A/B/A A/B/B/B 

To achieve cell killing, both agents are dehvered to a cell in a combined amount 
effective to kill the cell. 



H. Treatment Routes 

Chelerythrine can be administered intravenously, intraarterially, intratumorally, 
parenterally or intraperitoneally. In the invention, the preferred routes of administration are 
directly intratumoral, injection of a resected tumor bed, local or regional administration to the 
tumor by intravenous (IV); intrarterial (lA); and intraperitoneal (IP) methods. Solutions of 
the active compounds as free base or pharmacologically acceptable salts can be prepared in 
water suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions can also 
be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under 
ordinary conditions of storage and use, these preparations contain a preservative to prevent 
the growth of microorganisms. 
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The pharmaceutical forms suitable for injectable use include sterile aqueous solutions 
or dispersions and sterile powders for the extemporaneous preparation of sterile injectable 
solutions or dispersions. In all cases the form must be sterile and must be fluid to the extent 
that easy syringability exists. It must be stable under the conditions of manufacture and 
5 storage and must be preserved against the contaminating action of microorganisms, such as 
bacteria and fungi. The carrier can be a solvent or dispersion medixrai containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The proper 
fluidity can be maintained, for example, by the use of a coating, such as lecithin, by the 

10 maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. The prevention of the action of microorganisms can be brought about by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, 
thimerosal, and the like. In many cases, it will be preferable to include isotonic agents, for 
example, sugars or sodium chloride. Prolonged absorption of the injectable compositions can 

15 be brought about by the use in the compositions of agents delaying absorption, for example, 
aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compounds in the 
required amoimt in the appropriate solvent with various of the other ingredients enimierated 

20 above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredients into a sterile vehicle which contains the 
basic dispersion medium and the required other ingredients from those enumerated above. In 
the case of sterile powders for the preparation of sterile injectable solutions, the prefenred 
methods of preparation are vacuum-drying and fireeze-drying techniques which yield a 

25 powder of the active ingredient plus any additional desired ingredient from a previously 
sterile-filtered solution thereof. 

As used herein, "pharmaceutically acceptable carrier" includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption 
30 delaying agents and the like. The use of such media and agents for pharmaceutical active 
substances is well known in the art. Except insofar as any conventional media or agent is 
incompatible with the active ingredient, its use in the therapeutic compositions is 
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contemplated. Supplementary active ingredients can also be incorporated into the 
compositions. 

Chelerythrine may also be orally administered, for example, with an inert diluent or 
5 with an assimilable edible carrier, or enclosed in hard or soft shell gelatin capsule, or 
compressed into tablets, or incorporated directly with the food of the diet. For oral 
therapeutic administration, the active compound may be incorporated with excipients and 
used in the form of ingestible tablets, buccal tables, troches, capsules, elixirs, suspensions, 
syrups, wafers, and the like. Such compositions and preparations should contain at least 0.1% 
10 of the active compound. The percentage of the compositions and preparations may, of course, 
be varied and may conveniently be between about 2 to about 60% of the weight of the unit. 
The amount of active compounds in such therapeutically useful compositions is such that a 
suitable dosage will be obtained. 

15 The tablets, troches, pills, capsules and the like may also contain the following: a 

binder, as gum tragacanth, acacia, comstarch, or gelatin; excipients, such as dicalcium 
phosphate; a disintegrating agent, such as com starch, potato starch, alginic acid and the like; 
a lubricant, such as magnesium stearate; and a sweetening agent, such as sucrose, lactose or 
saccharin may be added or a flavoring agent, such as peppermint, oil of wintergreen, or cherry 

20 flavoring. When the dosage unit form is a capsule, it may contain, in addition to materials of 
the above type, a liquid carrier. Various other materials may be present as coatings or to 
otherwise modify the physical fomi of the dosage unit. For instance, tablets^ piUs, or capsules 
may be coated with shellac, sugar or both. A sjnnp of elixir may contain the active 
compounds sucrose as a sweetening agent methyl and propylparabens as preservatives, a dye 

25 and flavoring, such as cherry or orange flavor. Of course, any material used in preparing any 
dosage imit form should be phannaceutically pure and substantially non-toxic in the amounts 
employed. In addition, the active compounds may be incorporated into sustained-release 
preparation and formulations, 

30 1. Screening and Monitormg Effectiveness of Therapy 

It is contemplated that in the context of the present invention one may remove cells, 
either tumor, normal or both tvimor and normal cells, from an individual in order to either 
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monitor the progress of treatment or as a part of the treatment. It is expected that one may 
monitor the effectiveness of treatment by removing such cells and treating such cells with 
DAPI staining to determine the level of chromatin condensation, measuring the level of 
apoptosis, measuring the level of neutral sphingomyelinase production or other methods such 
5 as the following. 

One particular method for determining induction of apoptosis is terminal 
deoxynucleotidyl transferase mediated dUTP-biotin nick end labeling (TUNEL) assays, 
which measure the integrity of DNA (Gorczyca, 1993). This assay measiires the 
10 fragmentation of DNA by monitoring the incorporation of labeled UTP into broken DNA 
strands by the enzyme terminal transferase. The incorporation can be monitored by 
electroscopy or by cell sorting methodologies (e,g,^ FACS). 

J. Ex vivo Delivery 

15 In the present invention, it is contemplated that systemic delivery of either or both 

chelerythrine and the DNA-damaging agent may be used. It is further contemplated that in 
practicing the claimed invention that one will wish to replace affected cells with healthy cells 
from the same patient. Ex vivo gene therapy refers to the isolation of cells from an animal or 
patient, the delivery of a nucleic acid into the cells in vitro, and then the return of the 

20 modified cells back into an animal or individual. This may involve the surgical removal of 
tissue/organs from an animal or patient or the primary culture of cells and tissues. 

In particular, autologous bone marrow cell (BMC) transplantation is used as a salvage 
procedure in which blood or bone marrow is taken and stored prior to an intensification of 

25 radiation or chemotherapy. In preparing human mononuclear cells (MNC), an aliquot of 
marrow is layered into a receptacle such as a centrifiige tube. Initially, MNC may be obtained 
from a source of bone marrow, e.g., tibiae, femora, spine, ribs, hips, sternum, as well as the 
humeri, radi, ulna, tibiae, and fibulae. Additionally, these cells also can be obtained from 
cord blood, peripheral blood, or cytokine-mobilized peripheral blood. Other sources of 

30 human hematopoietic stem cells include embryonic yolk sac, fetal liver, fetal and adult 
spleen, and blood. The marrow layer is centrifuged to produce a pellet of red cells at the 
bottom of the tube, a clear layer of media, an interface layer which contains the MNC and a 
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plasma medium layer on top. The interface layer may then be removed using, for example, 
suction. Centrifugation of this layer at lOOOg ultimately yields a MNC pellet. This pellet 
may then be resuspended in a suitable buffer for cell sorting by FACS. The isolated MNC are 
cloned in vitro to expand the of immunologically active cells. The expanded, therapeutically 
5 active cells are then provided to the patient to obtain a therapeutic effect. 

EXAMPLES 

The following examples are included to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the art that the techniques disclosed in 

10 the examples which follow represent techniques discovered by the inventor to function well in 
the practice of the invention, and thus can be considered to constitute preferred modes for its 
practice. However, those of skill in the art should, in light of the present disclosure, 
appreciate that many changes can be made in the specific embodiments which are disclosed 
and still obtain a like or similar result without departing from the spirit and scope of the 

15 invention. 



EXAMPLE 1 
Materials and Methods 

20 Drugs and Reagents 

Chelerythrine [IC50 (PKC) = .66mM, IC50 (PKA) = \lQyM\ and Calphostin C [IC50 
(PKC) = .50nM, IC50 (PKA) 50|jM] show high specifiicity for the PKC family of enzymes 
(Sigma). These inhibitors are at least 30 fold more specific at blocking PKC activity as opposed 
to the relatively non-selective yet widely used agents staurosporin and H7. They do not appear 

25 to inliibit other kinases such as the cyclic- AMP kinase (PKIA) at concentrations used for the 
inventors' studies.(Kobayashi et aL, 1989b; Herbert et aL, 1990). Chelerythrine chloride, 
7-amino-actinomycin D, ATP, phosphate buffered saline (PBS), sphingosine-1 -phosphate, 
DL-threo-dihydrosphingosine and propidium iodide were purchased firom Sigma Chemical 
Corp., St. Louis, MO. C2-ceramide and n-oleoylethanolamine were purchased fi*om Matreya 

30 Chemicals, PA. Reagents for the terminal transferase assay were purchased from 

Boehringer-Mannlieim Biochemicals, Indianapolis, IN. Thin-layer chromatography plates 

were purchased from Wliatman (10 cm x 10 cm LHP-K TLC plate). Autoradiography fikn was 
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jfrom Dupont. fH] palmitic acid (60 Ci/mmol), [^^^C] sphingomyelin (60 Ci/mmol), and [y-^^P] 
ATP were purchased from DuPont MEN. All solvents were HPLC grade. Chelerythrine was 
dissolved in sterile water for the in vitro experiments or PBS for the intratumoral injections. 

5 Cell Culture 

Human head and neck squamous cell carcinoma line (SQ-20B) was grown in 
DMEM:F-12 (3:1), 20% fetal bovine serum (Gibco/BRL, Grand Island, NY), 1% 
penicillin-streptomycin and 1% hydrocortisone at 37°C in a humidified atmosphere 
containing 5% CO2. The human colon carcinoma cell line HT29 was obtained from 

10 Dr. L. C. Erickson, Loyola Medical Center, Maywood, XL, and was grown in Dulbecco's 
Modified Eagle's medium supplemented with 10% fetal bovine serum and 2 mM 
L-glutamine. MCF7 cells resistant to adriamycin (MCF7 ADR) originated in Dr. K, Cowan's 
laboratory (NCI, Bethesda, MD). All MCF7 cells were grown in Richter's Improved 
Modified Eagle's medium supplemented with 10% fetal bovine serum and 2.2 g/L sodium , 

15 bicarbonate. DaOY cells were grown in Richters Improved MEM Zinc Option Medium 
supplemented with 10% fetal bovine semm, 2.2 g/L sodium bicarbonate, 40 |ag/ml 
Gentamycin, 20 mM HEPES and 10 mM L-glutamine. SQ20B, SCC61, JSQ3 and SCC35 
were grown in 75% Dulbecco's Modified Eagle's medium, 25% Ham's F-12K medium 
supplemented with 20% fetal bovine serum, 0.4 |Lig/ml hydrocortisone and 100 units/ml 

20 penicillin-streptomycin. All cell cultures were maintained at 37°C in 5% C02/95% 
humidified air. 

Cytotoxicity Assay 

Cj^otoxicity was evaluated using modifications of a described MTT assay (Hansen 
25 et ah, 1989). Briefly, cells growing as a monolayer were plated at a density of 500 cells/well 
in 96 well-plates and allowed to grow for 24 h. Following a 4 h incubation with dmg, the 
dmg-containing media was replaced win fresh media. 6-13 days after drug treatment, 25 |li1 of 
a 5 mg/ml solution of MTT was added to each well followed 4 h later by the addition of 100 
|Lil lysing buffer (20% sodium dodecyl sulfate, 50% N, N-dimethylformamide and 0.8% acetic 
30 acid, pH 4.7) for an additional 22 h. A microplate reader set at 570 nm was used to determine 
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the absorbance. Results are expressed as the fraction of the optical density determined for 
cells treated with drug compared to those treated with vehicle. 

Propidium Iodide Exclusion Assay 

5 2.5-3,5x10^ SQ-20B cells were cultured in 24-well tissue culture plates for all studies. 

Cells were treated with varying concentrations of chelerythrine, incubated for 30 min at 37°C 
and then irradiated. Radiation was delivered using a ^°Co-irradiator (Gammacell 220, Atomic 
Energy of Canada) at a dose rate of 2.0 Gy/sec. At the indicated time points, cells were 
harvested, washed once, and resuspended in PBS containing 50p.l of 100|Lig/ml propidium 
10 iodide. Viability was analyzed by flow cytometry FACS) on a FACScan (Becton-Dickson) 
using Lysis II software. 

DAPI Staining for Nuclear Visualization 

5x10^ SQ-20B cells were centrifiiged at 1000 rpm and resuspended in approximately 
15 100 )Lil of media. The cell suspension was then minced with 100 |lx1 of DAPI 
(4\6-iamidino-2-phenylindole, Sigma, 1 |ixg/ml in PBT [PBS + 1% Triton X-100]. One drop 
of this mixture was then placed on a microslide with a coverslip. The cells were viewed by 
fluorescence microscopy using an Olympus BX-40 microscope with a 100 Watt Mercury 
lamp, a 16 or 40 X Fluorite objective, N.A. 0.75, (Leco #1-UB527) and a UV filter cube (ex 
20 330-385 nm, em 420 nm, wide band pass, Leco #U-M536). Images were photographed using 
an Optronics cooled low-light video camera (Leco #DEI-470TB) with a 2X coupler (Leco 
#HR200-CMT). The image was saved to a digital file at 72dpi for subsequent image 
processing with Paint Shop Pro 5 (JASC) running on a Windows NT4 workstation. 

25 Growth of Human Tumor Xenografts 

SQ-20B (1-5x10^ tumor cells were injected into the right hind limbs of 
Sprague-Dawley nude mice (Fredrick Cancer Research Institute, Fredrick MD). Xenografts 
were grown for 2-3 wk at wliich time animals were sorted into treatment groups such that the 
mean tumor volume was 45 mm.^ +/- 4.5 mm^ (SD). At day 0, initial tumor volume was 
30 detemiined by direct measurement with calipers, and tumor volume was deterred and 
calculated using the equation 1 x V x 0.5 (Hallahan et al^ 1995). During treatment timior 
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volumes were measured twice weekly and are presented as percent of original tumor volume. 
Data are presented as fractional tumor volume +/- SEM. Significance analyzed using the 
Mann- Whitney Rank Sum Test (p<0.05) and denoted in the graphs by 

5 Control mice (n=12) were weighed and injected IP with PBS on days 8, 10, and 12. 

To detemiine the proper injection volume, the weight of a mouse (in grams) was divided by 
100, and the resulting number (in \xl) was used. Chelerythrine was dissolved in the 
corresponding volume of PBS. Mice in treatment group 2 (n=10) were injected IP on days 8, 

10, and 12 with 5 mg/kg chelerythrine. Treatment group 3 (n=8) mice revere injected IP on 
10 days 8, 1 1, and 14 with 5 mg/kg chelerythrine chloride. Treatment group 4 mice (n=10) were 

injected IP on days 8, 1 1, 14, and 17 with 5 mg/kg chelerythrine chloride. Treatment group 4 
mice (n=10) were injected IP on days 8, 11, 14, and 17 with 5 mg/kg chelerythrine. Volume 
was determined on days 8, 10, 13, 15, 17, 21. Body weight was measured on days 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 21. Each data point represents the mean of 1-3 individual 
15 studies (minimum of 8 mice/treatment groups). 

EXAMPLE 2 
Results and Discussion 

20 Chelerythrine Exhibits a Broad Range of Cytotoxic Activity In Vitro 

The cytotoxic effects of chelerythrine were evaluated in 9 human tumor cell lines to 
assess its spectrum of activity. Chelerythrine decreased cell viability as determined by the 
MTT assay in a dose-dependent manner in MCF7 breast (wt p53)(Blagosklonny et aL, 1995), 
MCF7ADR breast (resistant to adriamyciti), HT29 colon (mutant p53)(Shao etai, 1997), 

25 DaOY brain (mutant p53)(U etaL, 1998), and LnCaP (mutant p53) (Carroll etal, 1993) 
prostate cells (FIG. 2). The effective dose required to inhibit the growth by 50% of the cells 
(ED50) ranged between 2 and 5 ixM upon exposure to drug for 4 h. To assess whether growth 
inhibition was dependent on exposure time, SQ20B cells were then exposed to increasing 
concentrations of chelerythrine for 4, 8, 24, 32, 48 and 56 h. Although the ED50 decreased 

30 from 3.7 to 1.8 iiiM when cells were exposed for 4 h compared to 8 h, the ED50, remained 
constant up to a 56 h exposure. Equivalent dose-response curves (ED50 4.0-5. 2|aM) were 

found for several radio and/or chemo-resistant oral tumor cell lines including SQ-20B, JSQ-3, 
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and SCC-35 (all mutant p53) (Jung etal, 1992), and for the radiosensitive SCC61 line (wt 
p53) (Nagasawa et ah, 1998; Ramsamooj et al, 1992). The inventors selected the SQ-20B 
cell line for the subsequent apoptosis studies and animal studies as an example of a 
radio/chemo resistant human epidermoid cai-cinoma line (ED50 3.7|liM with chelerythrine) 
5 (Brachman et ah, 1993; Samuels et al, 1991). 

Chelerythrine Induces Apoptosis in p53 Deficient SQ-20B Cells 

The inventors examined whether the concentrations of chelerj^thrine that decrease 
viability in the MTT assay induce apoptosis of SQ-20B cells. The inventors examined cell 

10 and nuclear morphology by DAPI staining (FIG. 3). Following exposure of SQ-20B cells to 
5|aM chelerythrine, morphological changes consistent with apoptosis were observed 
(FIG. 3 A) in nearly 100% of the cells 72 h following treatment. These data were consistent 
with the loss of viability as determined by MTT assays. In addition, DNA fragmentation was 
observed following analysis of low molecular weight DNA by agarose electrophoresis. 

15 Clonogenic survival was also decreased following treatment with chelerythrine at these doses. 
Taken together, these data demonstrate that apoptosis is the principle mechanism of cell death 
at toxic concentrations of chelerythrine in vitro, 

Chelerythrine Exhibits Potent Anti-tumor Activity in SQ-20B Xenografts 

20 Mice bearing SQ-2QB xenografts (n>8 for all groups) were injected IP with 2.5mg/kg 

on days 8,10,12 (Group 2, n=10), 5mg/kg on days 8,10,12 (Group 3, n=8), and 5mg/kg on 
days 8,11,14 (Group 4, n=8). As demonstrated in FIG. 4, chelerythrine significantly produced 
tumor grow delay on day 13 for group 1, on day 10 for group 2, and on day 13 for group 3 
(p<0.05). By day 21, the mean tumor volumes measured 370mm^ in control group, 215mm^ 

25 in group 1, 197mm^ in group 2, and 115mm^ in group 3. Studies were terminated on day 21 
due to tumor burden in the untreated group. The percent change in volume of treated tumors 
compared to control tumors (%T/C) was found to be less than 40% on day 21 for all treatment 
groups. 

30 Chelerythrine produced tumor regression in all treatment groups as defined by 2 

consecutive tumor measurements that were less than the original volume (p<0.05, ANOVA). 

At no time did body weight of any study animal fall below 90% of the initial weight at the 
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beginning of treatment. There were no treatment related deaths at these concentrations of 
chelerythrine. Similar results were obtained in two independent studies. 

The data demonstrate that chelerj^hrine is cytotoxic to tumor cell lines regardless of 
5 their p53 status. The inventors also show that chelerythrine produces tumor growth inhibition 
and regression in an HNSCC tumor model of SQ-20B xenografts in mice. The percent 
change in treated tumor volume compared to control tumors (%TIC), was found to be less 
than 40% on day 21 for all treatment groups. These data and the finding that body weight is 
not significantly affected by the treatment regimens suggests that chelerythrine may be a 
1 0 useful anti-tumor agent. 

Chelerythrine chloride produces its antineoplastic effect in part through the induction 
of apoptosis secondary to inhibition of PKC, activation of sphingomyelinase and induction of 
ceramide production (Chmura et al, 1991 \ Chmura et al, 1996). Current investigations are 

15 underway to delineate the role of apoptosis in contributing to tumor regression in vivo with 
chelerythrine. 7-hydroxystaurosporine (UNC-01) is a protein kinase inhibitor currently in 
Phase-1 clinical trials (Gescher, 1998; Sausville etal, 1998). The demonstration that 
UNC-01 induces anti-tumor effects by mechanisms distinct from those identifies for 
chelerj^hrine (Wang etal^ 1996) suggest that chelerj^thrine may exhibit a different spectrum 

20 of activity. In addition, the present findings demonstrate the chelerythrine chloride produces 
antineoplastic effects against diverse histological subtypes of human tumors. 

Table 1 



In vitro Studies with chelerythrine chloride and adriamycin 



0 ng/mL Adriamycin 


1 ng/mL 


lOng/mL 


50 ng/mL 


0 


1 


1.09 


0.822 


0.359 


2 


0.99 


0.886 


0.668 


0.294 


4 


0.103 


0.101 


0.054 


0.02 


6 


0.034 


0.034 


0.035 


0.018 



25 

Chelerythrine chloride administered in 2, 4, and 6 |liM concentrations to SQ20B 

in vitro showed clonogenic killing (0 ng/mL Adriamycin curve on graph). When used in 
combination with adriamycin at 1, 10, and 50 ng/mL concentrations, an additive killing effect 
is seen. For instance, 2 ^lM chelerythrine chloride and 10 ng/mL of adriamycin has only 
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0.668 survival when compared to 0,99 with 2 p,M chelerythrine alone or 0.822 with 10 ng/mL 
adriamycin alone. 6 \xM chelerythrine chloride appears to be toxic to cells, regardless of how 
much adriamycin is added. 

All of the compositions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be applied to 
the compositions and methods and in the steps or in the sequence of steps of the method 
described herein without departing from the concept, spirit and scope of the invention. More 
specifically, it will be apparent that certain agents which are both chemically and 
physiologically related may be substituted for the agents described herein while the same or 
similar results would be achieved. All such similar substitutes and modifications apparent to 
those skilled in the art are deemed to be within the spirit, scope and concept of the invention 
as defined by the appended claims. 
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CLAIMS 

1 . A method for inhibiting the growth of a cell comprising contacting said cell with 
chelerythrine and a chemotherapeutic DNA damaging agent, wherein the dose of 

5 chelerj^hrine, when combined with the dose of said DNA damaging agent, is effective to 
inhibit growth of said cell. 

2. The method of claim 1, wherein chelerythrine is contacted with said cell prior to 
contacting said cell with said DNA damaging agent. 

10 

3. The method of claim 1, wherein said DNA damaging agent is contacted with said cell 
prior to contacting said cell with cheler3^thrine. 

4. The method of claim 1 , wherein said cell is a cancer cell. 

15 

5. The method of claim 4, wherein said cancer cell is a bladder cancer cell, a blood 
cancer, a breast cancer cell, a limg cancer cell, a colon cancer cell, a prostate cancer cell, a 
liver cancer cell, a pancreatic cancer cell, a stomach cancer cell, a testicular cancer cell, a 
brain cancer cell, an ovarian cancer cell, a lymphatic cancer cell, a skin cancer cell, a brain 

20 cancer cell, a bone cancer cell, a soft tissue cancer cell. 

6. The method of claim 1, wherein said cell is located in a human subject. 

7. The method of claim 6, wherein chelerj^thrine is administered by direct intratumoral 
25 injection. 

8. The method of claim 6, wherein chelerythrine is administered by injection into tumor 
vasculature. 

30 9. The method of claim 1, wherein said DNA damaging agent is from a group consisting 

of doxorubicin, daunorubicin, dactinomycin, mitoxantrone, cisplatin, procarbazine, 

mitomycin, carboplatin, bleomycin, etoposide, teniposide, mechlroethamine, 

cyclophosphamide, ifosfamide, melphalan, chlorambucil, ifosfamide, melphalan, 
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hexamethylmelamine, thiopeta, busulfan, carmustine, lomustine, semustine, streptozocin, 
dacarbazine, adriamycin, 5-fluorouracil (5FU), camptothecin, actinomycin-D, hydrogen 
peroxide , nitrosurea, plicomycin, tamoxifen, taxol, transplatinum, vincristin, vinblastin and 
methotrexate 

5 

10. The method of claim 1, wherein said cell is contacted with chelerythrine a second 
time. 

11. The method of claim 1, wherein said cell is contacted with said DNA damaging agent 
10 a second time. 

12. The method of claim 1, wherein chelerythrine and said DNA damaging agent are 
contacted with said cell within about 4 days. 

15 13, The method of claim 12, wherein chelerythrine and said DNA damaging agent are 
contacted with said cell within about 3 days. 

14. The method of claim 13, wherein chelerj^hrine and said DNA damaging agent are 
contacted with said cell within about 2 days. 

20 

15. The method of claim 14, wherein chelerythrine and said DNA damaging agent are 
contacted with said cell within about 1 day. 

16. The method of claim 15, wherein chelerj^thrine and said DNA damaging agent are 
25 contacted with said cell within about 12 hours. 

17. The method of claim 16, wherein chelerythrine and said DNA damaging agent are 
contacted with said cell within about 6 hours. 

30 18. The method of claim 17, wherein chelerythrine and said DNA damaging agent are 
contacted with said cell within about 2 hours. 
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19. The method of claim 18, wherein chelerythrine and said DNA damaging agent are 
contacted with said cell within about 1 hour. 

20. The method of claim 1, wherein chelerythrine and said DNA damaging agent are 
5 contacted with said cell at the same time. 

21. The method of claim 1, further comprising tumor resection. 

22. The method of claim 21, wherein said tumor resection occurs prior to said contacting- 

10 

23. The method of claim 22, wherein said contacting comprising treating said resected 
tumor bed with chelerythrine and said DNA damaging agent. 

24. The method of claim 21, wherein said tumor resection occurs after said contacting. 

15 

25. The method of claim 21, wherein said contacting occurs both before and after said 
tumor resection. 

26. The method of claim 1, wherein said dose of chelerythrine is about 0.5 mg/kg to about 
20 10 mg/kg. 

27. The method of claim 26, wherein said dose of chelerythrine is about 1 mg/kg to about 
4 mg/kg. 

25 28. A method of killing a cell comprising contacting said tumor cell with chelerythrine 
and a chemotherapeutic DNA damaging agent, wherein the dose of said chelerythrine, when 
combined with the dose of said DNA damaging agent, is effective to kill said tumor cell. 

29. A method of treating cancer in a human patient comprising administering 
30 chelerythrine and a chemotherapeutic DNA damaging agent to said human patient, wherein 
the dose of said chelerythrine, when combined with the dose of said DNA damaging agent, is 
effective to treat said cancer. 

39 



wo 02/13803 



PCT/USOl/25021 



30. A method of potentiating the effect of a chemotherapeutic DNA damaging agent on a 
tumor cell comprising contacting said tumor cell with chelerythrine and then contacting said 
tumor cell with said DNA damaging agent. 
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